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ABSTRACT

During the Leg 67 drilling of the Middle America Trench (Guatemala transect), basalts were reached in Hole 495, 22
km seaward from the Trench axisj in Holes 500 and 500B at the foot of the continental slope, and at four other holes
not sampled for this study. Only olivine-plagioclase phyric basalts are present in Hole 495, whereas in Holes 500 and
500B these rocks are associated with plagioclase phyric high-alumina basalts. As illustrated by the content of TiO2,
A12O3, and the K2O/K2O + Na2O ratio, some of the Middle America Trench basalts do not differ essentially from oce-
anic tholeiites, but others have a composition transitional to island-arc tholeiitic basalts. It is suggested that basalts
transitional from oceanic to island-arc tholeiites are typical manifestations of magmatism in zones of convergence of
the oceanic and continental or island-arc crust.

INTRODUCTION

In the Guatemala transect of the Middle America
Trench, drilled during Leg 67, basalts were recovered in
Holes 495, 500, and 500B (Fig. 1), and at four other
holes hot sampled for this study.

Hole 495 (12°29.78'N, 91°02.26'W) was drilled on
the oceanic side of the Trench 22 km from its axis and
1295 meters above the floor of the Trench, on the horst-
like ridge. The depth of the ocean at the site of drilling
was 4140 meters. Basalts were reached under upper Mio-
cene nannofossil-foraminiferal chalk, in the interval
from 428.5 to 446.5 meters below the seafloor.

Hole 500 (12°41.35'N, 90°56.49'W) was drilled in
the Trench axis at the foot of the continental slope at a
water depth of 6094 meters. Basalts, cored in the inter-
val 156.5 to 165.5 meters below the seafloor, underlie up-
per Miocene nannofossil and foraminiferal sediments.

Hole 500B (12°40.95'N, 90°56.62'W) was drilled at
a water depth of 6090 meters and is also located in the
Trench axis, but seaward from Hole 500 (see Site 500 re-
port for location map). Basalts were recovered in the
interval 115 to 133.5 meters below the seafloor, under
Quaternary diatomaceous mud.

According to seismic reflection profiles, basalts lo-
cated in the Guatemala transect of the Middle America
Trench belong to the oceanic crust of the Cocos Litho-
spheric Plate, subducting under the continental Carib-
bean Plate (von Huene et al., 1980).

On the basis of petrographic and petrochemical pecu-
liarities, basalts of the Middle America Trench (Guate-
mala transect) are subdivided into (1) olivine-plagio-
clase phyric normal basalts and (2) plagioclase phyric
high-alumina basalts.

Aubouin, J., von Huene, R., et al., Init. Repts. DSDP, 67: Washington (U.S. Govt.
Printing Office).

PETROGRAPHY OF BASALTS

Olivine-plagioclase Phyric Basalts
According to available data, olivine-plagioclase phy-

ric basalts are the only igneous rocks recovered in Hole
495; however, in Hole 500 they overlie plagioclase phy-
ric basalts.

Olivine-plagioclase phyric basalts consist of a glassy
or fine-grained matrix with small crystals of plagioclase,
pyroxene, and ore minerals, as well as phenocrysts of
plagioclase, olivine, and spinel. The content of pheno-
crysts changes from several grains to 7 to 8% (Table 1).

The texture of basalts is usually hyalopilitic or inter-
sertal> sometimes with trachytic features caused by sub-
parallel orientation of plagioclase microlaths. Vesicles
comprise as much as 1.5% of the volume of the basalts
and are filled with smectite and calcite.

Phenocrysts of the plagioclase are represented by by-
townite An80_81 (Table 2), sometimes contain inclusions
of Cr-spinel (Table 3), and form glomerpporphyric ag-
gregates with phenocrysts of olivine-chrysolite Fo88_85
(Table 4). The abundance of plagioclase phenocrysts in
olivine-plagioclase phyric basalts is rather constant and
does not depend on the degree of their crystallization.

Experimental homogenization of melt inclusions in
plagioclase phenocrysts from Sample 495-48-1, 83 cm
indicated their crystallization at a temperature of about
1220 to 1250°C (analysis by I. P. Solovova, Institute
of Geology of Ore Deposits, Petrography, Mineralogy,
and Geochemistry of the U.S.S.R. Academy of Sci-
ences, Moscow). Phenocrysts of spinel with the ratio
Cr/Cr + Al = 0.49 were formed under nearly the same
conditions, that is 1230 to 1250°C (Fist and Bence,
1980).

Among groundmass minerals, plagioclase microlites
(bytownite, An76_70 are the most idiomorphic crystalline
phase (Table 2). The content of plagioclase crystals in
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Figure 1. Location map of holes from which basalts were recovered on Legs 66 and 67.

Table 1. Modal composition of olivine-plagioclase phyric and plagio-
clase phyric basalts (vol.%).

Samplea

Olivine-plagioclase
Phyric Basalts

495-48-1, 87
495^18-1, 83
496-48-2, 84
495-48-4, 93

500-18-1, 36
5OOB-3-1, 64

Plagioclase

Phyric Basalts

500-19-1, 9
500-19-1, 52

Sub-bottom
Depth

(m)

436.87

437.83
438.84
441.93
156.8
124.6

156.5
156.8

Phenocrysts

Plagioclase

3.5
3,1
3.3
1.6
7.3
1.1

7.4
1.3

Olivine

+ b

+

0.5
2.3

+

+

c

—

Groundmass of the Rock

Plagioclase

29.3
29.9
40.3
43.7

+.
21.1

23.8
30.4

Ore Mineral

2.0
In matrixd

4.1
7.3
+

9.0

In matrix
7.1

Matrix

65.2
67.0
51.8
45.1
92.7

68.8

68.8
61.3

a The sample number indicates hole-core-section, and distance from the beginning of the section in cm.
b + indicates less than 0.1 vol.%.
c — indicates absence.
" In matrix indicates tiny inclusions were counted together with glassy matrix.

the groundmass of basalts correlates directly with the
degree of their crystallization.

Clinopyroxenes are present in the groundmass of ba-
salts in the form of incipient crystals and their aggre-
gates (augite, En33_15Wθ42_32Fs25_54) (Table 5).

Ore minerals of olivine-plagioclase phyric basalts are
represented by titanomagnetite and ilmenite (Table 6),
which are more abundant in better-crystallized rocks.

Plagioclase Phyric Basalts

Plagioclase phyric basalts underlie olivine-plagioclase
phyric basalts in Hole 500. Absence of olivine pheno-
crysts distinguishes the uppermost rocks. (Table 1).

The composition of rock-forming minerals in olivine-
plagioclase phyric basalts and in plagioclase phyric ba-
salts is, in general, similar (Tables 2, 3, and 5), with a
somewhat higher content of CaO in plagioclases and
clinopyroxenes as well as of A12O3 in spinel in plagio-
clase phyric basalts. The crystallization temperature of
plagioclase phenocrysts in Sample 500-19-1, 9 cm is
1235 to 1245°C (analysis by I. P. Solovova), which is
practically the same as the crystallization temperature of
plagioclase phenocrysts in olivine-plagioclase phyric ba-
salts. The lower ratio Cr/Cr + Al = O.40 in spinel from
plagioclase phyric basalts possibly indicates crystalliza-
tion at a lower temperature than crystallization of spinel
in olivine-plagioclase phyric basalts.

PETROCHEMISTRY AND GEOCHEMISTRY
OF BASALTS

The relative abundances of SiO2 and K2O + Na2O in-
dicate that basalts of the Middle America Trench (Guate-
mala transect) belong to derivatives of tholeiitic basaltic
magma.
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Table 2. Composition of plagioclase in olivine-plagioclase phyric and
plagioclase phyric basalts (wt.%).

Olivine-plagio-
clase Phyric

Basaltsa

Components

Phenocrysts

1 2

Microlites

1 2

Plagioclase Phyric
Basaltsb

Phenocrysts Microlites

SiO 2

TiO 2

A12O3

FeO
MgO
CaO
Na 2 O
K 2O

Si
Ti
Al
Fe
Mg-
Ca
Na
K

% Ab
°?o An

Name

50.1
0.06

31.3
0.71
0.5

16.5
2.5
0.0

2.264
0.002
1.666
0.027
0.034
0.798
0.219
0.000

20.3
79.7

49.1
0.04

31.0
0.55
0.1

16.9
2.3
0.02

54.5
0.23

26.1
1.4
0.76

13.4
3.7
0.04

Cations on 8

2.257
0.001
1.679
0.021
0.007
0.832
0.205
0.001

19.3
80.7

2.481
0.008
1.400
0.053
0.051
0.653
0.326
0.002

30.2
69.8

51.5
0.33
27.2
1.4
0.53
14.2
2.7
0.21

oxygens

2.403
0.011
1.495
0.055
0.037
0.709
0.244
0.012

24.2

75.8

50.3

31.7
0.49

17.7
1.5
0.02

2.267

1.684
0.018

0.855
0.131
0.001

13.1
86.9

51.8
0.21

27.4
1.4
0.55

14.4
3.2
0.09

2.397
0.007
1.494
0.054
0.038
0.714
0.287
0.005

26.6
73.4

Bytownite Labradorite-
Bytownite

Bytownite Bytownite

a 1 = Sample 495-48-4, 93 cm from beginning of section. 2 = Sample 500-18-1,
36 cm from beginning of section.

" Sample 500-19-1, 9 cm from beginning of section.

Table 3. Composition of spinel in olivine-plagioclase phyric and
plagioclase phyric basalts (wt.%).

Components

Olivine-plagioclase
Phyric Basalts

(Sample 495-48-4, 93 cm)

Plagioclase Phyric
Basalts

(Sample 500-19-1, 9 cm)

SiO 2

A1 2O 3

FeO
MnO
MgO
CaO
NiO
C r 2 O 3

Si
Ti
Al
Fe
Mn
Mg
Ca
Ni
Cr

Cr/Cr + Al
Fe/Fe + Mg

4.1
0.91

25.0

20.5

0.35

13.0

0.81

—
36.0

Cations on 4 oxygens

0.122

0.020

0.878

0.510

0.009

0.577

0.026

—
0.848

0.49

0.469

4.5
0.36

31.5

15.2

0.19

14.9

1.6
0.12

31.7

0.129

0.008

1.063

0.364

0.005

0.636

0.049

0.003

0.717

0.40

0.364

Olivine-plagioclase phyric and plagioclase phyric ba-
salts that are distinguished by petrographical features
also have different chemical compositions (Table 7).
The difference in content of A12O3 is the most obvious
and constant. All the plagioclase phyric basalts are dis-
tinct from the olivine-plagioclase phyric basalts, as

Table 4. Composition of olivine in olivine-plagioclase phyric ba-
salts (wt.%).

Components Sample 495-48-4, 93 cm Sample 500-18-1, 36 cm

A1 2O 3

FeO
MnO
MgO
CaO
NiO

Si
Al
Fe
Mn
Mg
Ca
Ni
% Fo

Name

40.7
0.4

14.3
0.25

45.9
0.55
0.17

Cations on 4 oxygens

0.997
0.011
0.292
0.005
1.674
0.014
0.006

85.1

Chrysolite

41.5

11.1
0.16

47.3
0.63
0.29

1.014

0.226
0.003
1.721
0.016
0.06

88.4

Chrysolite

Table 5. Composition of clinopyroxene in olivine-plagioclase phyric
and plagioclase phyric basalts (wt.%).

Olivine-plagioclase Phyric Basalts

Components
Sample

495-48-4, 93 cm
Sample

500-18-1, 36 cm

Plagioclase
Phyric Basalts

Sample
500-19-1, 9 cm

SiO2

TiO2

A12O3

FeO
MnO
MgO
CaO

K2O

Si
Ti
Al
Fe
Mn
Mg
Ca
Na
K
°Io En
% Wo
Wo Fs

N a m e

51.7 51.7
1.5 0.48
3.6 16.8
9.8 8.5
0.21 0.08

11.8 5.0
19.2 9.1
0.98 3.0

— 0.49

Cations on 6 oxygens

1.945
0.042
0.160
0.308
0.007
0.661
0.774
0.071

33.0
42.2
24.8

Augite

1.922
0.013
0.736
0.264
0.002
0.279
0.362
0.216
0.023

14.7
31.7
53.6

Augite

60.2
1.3

15.0
7.4
0.04
2.9

12.1
1.6
0.57

2.072
0.034
0.609
0.213
0.001

. 0.149
0.446
0.107
0.025

15.3
59.3
25.4

Augite

shown by an Al2O3/Fe2θ3 + FeO + MgO ratio of more
than 1.

Normal and high-alumina basalts can be connected
with oceanic as well as with island-arc magmatism, there-
fore to determine formational type and petrochemical
peculiarities of Middle America Trench basalts, it is nec-
essary to compare them with the same kind of basalts
from oceanic and island-arc environments.

It should be remembered that according to the con-
cepts of plate tectonics (Le Pichon et al., 1973), basalts
of the outer zones of deep-sea trenches belong to a for-
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Table 6. Composition of ore minerals in olivine-
plagioclase phyric basalts (wt.%).

Olivine-plagioclase Phyric Basalts

Components

SiO2

Tiθ2
A12O3

FeO
MnO
MgO
CaO

Name

(Sample 495-48-4,

7.9
17.2
4.8

64.3
0.67
2.9
1.2

7.8
18.3
4.4

63.0
0.61
1.9
1.6

8.2
21.5

4.5
62.4

0.69
0.93
1.1

Titanomagnetite

93 cm)

6.7
42.6

3.1
44.2

0.64
1.6
1.2

Ilmenite

mational type—oceanic spreading zone basalts. These
basalts were formed in axial zones of mid-oceanic ridges
and then mechanically transported to convergent mar-
gins of lithospheric plates, where oceanic crust began to
be subducted under island arcs and continents.

According to this concept, deep-sea trenches are con-
sidered amagmatic morphostructures, behind which, at
a distance controlled by the inclination of Benioff zone,
volcanoes of island arcs and marginal continental cor-
dilleras occur.

Other scientists who have analyzed oceanic and con-
tinental magmatism from the standpoint of fixism (a
concept based on the predominance of vertical over hor-
izontal tectonic movements) also believe that deep-sea
trenches mark a boundary between oceanic and conti-
nental (island-arc) crust, where there "must be discon-
tinuity of all material and geophysical parameters"
(Lutz, 1980).

In the last few years, discoveries have been made of
volcanic vents on marginal swells and oceanic slopes of
deep-sea trenches (Avdeiko et al., 1980) and of basalts
on the oceanic slope of the Yap Trench that are es-
sentially younger than those of adjacent areas of the

Pacific floor (Sharaskin et al., 1980). These discoveries
evidently indicate relatively recent volcanism in the out-
er zone of deep-sea trenches, about which little more than
nothing is known.

The geodynamic regime in regions of magmatic activ-
ity should leave a mark on the composition of igneous
rock associations. Deep-sea trenches represent morpho-
structural zones where regimes of spreading, typical of
an oceanic environment, are perhaps replaced by pre-
dominantly pressure regimes of destructive plate bound-
aries. The transitional tectonic position of deep-sea
trenches between areas with oceanic magmatism and re-
gions with island-arc-type magmatism could imprint the
composition of trench-zone basalts and bring about
their intermediate nature between abyssal and island-arc
tholeiites.

The petrochemistry and geochemistry of the Middle
America Trench (Guatemala transect) basalts confirm
this hypothesis. As mentioned earlier, the outer slope of
the Middle America Trench and adjacent oceanic floor
belong to the Cocos Plate. Inside this fragment of the
Pacific lithosphere basaltic magmatism is recognized in
the axial zone of the East Pacific Rise, in the Galapagos
Spreading Center, and, possibly, in such transform faults
as Siqueiros. Basic tholeiitic rocks that occur there are
represented by normal, high alumina, and ferrobasalts
(Table 8). If Middle America Trench basalts had been
formed together with other basalts of the Cocos Plate in
spreading or fault zones of this part of the Pacific, their
petrographic, petrochemical, and geochemical features
should be the same (Dmitriev, 1980).

Middle America Trench basalts have been compared
with island-arc-type basalts, such as Cenozoic basalts of
the Central America and South America Cordillera, the
formation of which is connected with processes in the
zone of convergence of the Cocos, Nazca, Caribbean,
and American lithospheric plates (Pichler and Weyl,

Table 7. Chemical composition of olivine-plagioclase phyric and plagioclase
phyric basalts (wt.%).

Components

SiO2

TiO2

A12O3

Fe 2O 3

FeO
MnO
MgO
CaO
Na2O
K2O
H 2 O~
H 2O +
P2O5
CO2

S
F
Cl
Cr2O3

V 2O 5

Li2O
Rb2O
Cs2O

Total

1

45.80
1.47

15.15
6.03
3.80
0.21
5.05

13.94
3.02
0.32
0.32
2.08
0.18
2.11

n.d.
0.04
0.07
0.05
0.05
0.0050
0.0009
0.0021

100.20

Olivine-plagioclase Phyric Basalts

2

49.20
1.51

15.60
2.72
7.27
0.16
7.24

11.58
2.98
0.075
0.52
1.08
0.19

n.d.
0.10
0.03
0.06
0.05
0.05
0.0016
0.0007
0.0002

100.42

3

48.20
1.81

16.80
3.61
6.29
0.12

5.70
11.07
3.01
0.63
0.60
1.71
0.26
0.42
0.02
0.04
0.06
0.03
0.05
0.0017
0.0018
0.0002

100.44

4

50.10
1.18

15.30
2.06
6.69
0.17
8.67

11.16
2.31
0.053
—

1.95
0.10
0.24
0.07
0.04
0.04
0.06
0.05
0.0033
0.0005
0.0002

100.24

5

48.33
1.49

15.71
3.61
6.01
0.17
6.67

11.94
2.33
0.27
0.48
1.71
0.19
0.69
0.05
0,04
0.04
0.05
0.05
0.003
0.001
0.0008

100.32

Plagioclase Phyric Basalts

6

47.50
1.27

20.55
6.47
3.08
0.07
3.42

11.17
2.90
0.72
0.72
1.68
0.25
0.18
0.06
0.04
0.15
0.09
0.05
0.0011
0.0010
0.0028

100.37

7

48.0
1.74

17.55
3.60
5.31
0.12
6.50

11.18
2.88
0.42
0.35
2.03
0.25

n.d.
0.03
0.04
0.04
0.05
0.06
0.0012
0.0010
0.0002

100.15

8

47.75
1.51

19.05
5.04
4.20
0.10
4.96

11.18
2.89
0.57
0.54
1.86
0.25
0.09
0.04
0.03
0.03
0.07
0.06
0.0012
0.0010
0.0015

100.22

Note: 1 = Sample 495-48-1, 83 cm from beginning of section; 2 = Sample 495-48-4, 93 cm; 3 = Sample
500-18-1, 36 cm; 4 = Sample 5OOB-3-1, 64 cm; 5 = average from first four analyses. 6 = Sample 500-19-1,
9 cm; 7 = Sample 500-19-1, 52 cm; 8 = average from last two analyses; n.d. indicates that analysis for this
component was not carried out; and — indicates that component is absent.
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Table 8. Chemical analyses of Pacific oceanic floor and island arc
basalts (wt.%).

Oxides

SiO2

TiO2

A12O3

Fe2O3

FeO
MnO
MgO
CaO
Na2O
K2O
H2O +

P2O5

Total

No. of analyses

1

49.5
1.3

14.83
2.17
7.55
0.17
8.69

12.25
3.00
0.12
n d
0.16

99.74

17

Normal

2

49.78
1.31

15.77
9.70
n.d.
0.16
7.33

12.33
2.62
0.19
n d
0.12

99.31

19

3

49.52
1.49

14.76
10.39
n.d.
n.d.
7.71

11.81
2.46
0.19
1 24
0.15

99.72

16

4

48.4
2.70

14.50
11.80
n.d.
n.d.
6.70

11.50
2.70
0.40
n d
n.d.

98.70

7

High-i

5

47.67
0.65

18.44
2.08
5.83
0.13
9.61

12.64
2.12
0.11
0 32
0.07

99.67

4

ilumina

6

49.2
0.88

17.7
1.09
6.75
0.14
8.84

12.57
2.47
0.05
n d
0.10

99.79

2

Ferrobasalts

7

49.3
1.93

13.96
12.85
n.d.
0.21
6.87

10.28
2.70
0.18
n d
n.d.

99.38

21

8

49.28
2.83

13.02
2.92

10.95
0.23
6.29

10.07
3.29
0.25
n d.
0.25

99.38

4

9

49.45
2.48

13.07
14.45
n.d.
n.d.
6.05

10.33
2.95
0.38
1 40
0.19

100.75

6

Note: 1, 6, 7 = Siqueiros Transform Fault (Batiza et al., 1977); 2, 5, 8 = Galapagos Spreading
Center (Anderson et al., 1975, 1976; Dmitriev. in press; Engel and Engel, 1965: Rudnik,
1976); 3, 9 - East Pacific Rise (Dmitriev, 1980; Yeats et al., 1973); 4 = Galapagos Islands
(McBirney and Williams, 1969); n.d. = not determined.

1973; Stoiber and Carr, 1974). In Table 9 these basalts
are also compared with those of Pacific island arcs rep-
resenting different stages of evolution (Mariana, Tonga,
New Hebrides, Aleutian, and Kamchatka-Kuril). To re-
veal and confirm typical features of deep-sea trench ba-
salts, analyses of basalts from the Philippine and Yap
trenches (outer slopes) were used along with analyses of
Middle America Trench basalts (Table 10).

Petrochemical studies show that specific features of
basalts erupted in different oceanic tectonic settings are
most clearly expressed in concentrations and relations
of such elements as Fe, Mg, Al, Ti, and the alkalies. Ac-
cordingly, to contrast and compare basalts of the Mid-
dle America Trench with basalts of other morphostruc-
tures of the Pacific, ratios such as 100 × FeOVFeO'
+ MgO (FeO' is total Fe as FeO), Al2O3/Fe2O3 +
FeO + MgO, TiO2/Al2O3, K2O/K2O + Na2O, and K/Rb
were used in this study. By these parameters, normal
tholeiitic basalts of the Middle America Trench (Gua-
temala transect) resemble basalts of oceanic spreading
zones, which, however, have essentially a higher K/Rb
ratio and a lower Al2O3/Fe2O3 + FeO + MgO ratio (Ta-
ble 11). By the latter parameter, Middle America Trench
basalts are correlated with basalts of the Central Amer-
ica Cordillera.

The correlation of Middle America Trench (Guate-
mala transect) high-alumina basalts with the same type
basalts of other morphostructures of the Pacific (Table
12) reveals that by their petrochemical features these
rocks more closely resemble high-alumina island-arc ba-
salts. By the K2O/K2O + Na2O ratio, Middle America
Trench high-alumina basalts closely resemble the high-
alumina basalts of the South America Cordillera and of
such primitive island arcs as Tonga and Mariana.

The comparison of particular and especially average
analyses of igneous rocks cannot provide a comprehen-
sive notion of their genetic relations, because chemical
peculiarities, which reflect the stage of the parental mag-
ma differentation, are not fully considered in such an
approach. Therefore, to decide whether manifestations
of magmatism of, say, this or that oceanic morpho-
structure resemble each other or not, it is more informa-
tive to compare the composition not of separate types of
rocks that occur in these morphostructures but of series
of these rocks, formed during the evolution of corre-
sponding parental magmas.

The position of rocks in the sequence of differen-
tiates of the tholeiitic basaltic magma can be determined
quite reliably by the value of the FeOVFeO' + MgO ra-
tio, calculated on the basis of bulk chemical analyses of
the rocks. Thus variations of concentrations of rock-
forming oxides in sequences of basaltic rocks with in-
creasing values of the FeO '/FeO' + MgO ratio reflect
basic regularities of evolution of these rock parental
magmas. Uniformity or fluctuations in variation trends
provide the possibility of speaking about unique or mul-
tiple parental magmas.

Let us analyze the position of Middle America Trench
(Guatemala transect) basalts as well as basalts of other
Pacific morphostructures on TiO2-100 × FeOVFeO' +
MgO, Al2O3-100 × FeOVFeO' + MgO, and K2O-K2O
+ Na2O diagrams (Figs. 2-4).

The concentration of TiO2 is one of the most sensi-
tive and reliable indicators of basaltic rock formational
type (Chayes, 1964); indeed, on the TiO2-100 × FeOV
FeO' + MgO diagram (Fig. 2),tholeiitic basalts of the
Galapagos Islands, the Siqueiros Transform Fault, and
island arcs form variation trends disconnected in space.
From the same diagram it is quite obvious that East

Table 9. Chemical analyses of basalts of Pacific island arcs (wt.%).

Oxides

SiO2

TiO2

A12O3

Fe2O3

FeO
MnO
MgO
CaO
Na2O
K2O
H 2 O~
H2O +
P2O5
Total

No. of analyses

1

50.1
0.53

15.3
2.83
4.84
0.14
9.24
9.68
2.11
0.49
2.90
1.68
0.04

99.88

2

Normal

2

49.69
1.05

14.08
4.83
4.42
0.21
9.99

10.56
2.68
0.96
—
—
0.33

98.80

22

3

52.06
1.02

15.96
5.00
3.50
n.d.
8.13
9.50
2.85
1.62
0.18
0.32
n.d.

100.14

1

4

48.79
0.63

16.39
1.74
8.70
0.20
8.63

12.09
2.05
0.68

—
0.15

99.99

1

5

49.19
0.42

20.61
2.93
5.63

5.93
11.78

1.21
0.24

_
0.01

97.95

1

6

50.94
0,86

19.34
1.58
7.15
0.16
5.94
9.14
3.31
0.55
0.71
_
0.22

99.9

1

High-alumina

7

51.92
1.01

17.72
3.79
5.66
0.18
5.71
9.10
2.99
1.02

_
0.32

99.42

131

8

50.57
0.83

19.26
4.29
5.10
0.18
5.08

10.38
3.34
1.15

_
0.22

100.4

1

9

51.52
0.81

18.29
4.19
5.9
0.09
4.3

10.27
2.72
0.67
0.132
0.14
0.10

99.12

8

Ferrobasalts

10

51.2
0.98
16.0
4.2
7.8
0.17
5.1
7.4
2.7
0.75
0.31
0.37
0.19

97.17

4

Note: 1, 9, 10 = Mariana (Larson, 1974; Stark, 1963); 2, 7 = Kamchatka (Leonova et al., 1978); 3 = Central
America Cordillera, volcano Irazu (Robin and Tournon, 1978); 4 = New Hebrides (Gorton, 1977);
5 = Tonga (Bryan et al.. 1972); 6 = South America Cordillera, Casablanca volcano (Lopes-Escobar et al.,
1977); and 8 = Aleutian (Marsh, 1976); n.d. = not determined; — = absent.
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Table 10. Chemical analyses of deep-sea trench (outer slope) basalts of the Pacific
(wt.%).

Oxides

S1O2
TiO 2

A12O3

F e 2 O 3

FeO
MnO
MgO
CaO
Na2θ
K 2O
H 2 O ~
H 2 O +
P2O5
C O 2

Total

No. of Analyses

Yap (Sharaskin
et al., 1980)

50.47
0.98

15.79
4.15
5.36
0.15

7.42
12.01
2.60
0.12
n.d.
0.61
0.08
0.19

99.93

6

Normal

Middle America
Trench (South

Mexico transect)
(Dmitriev,
in press)

48.0
0.88

16.49
3.19
5.69
0.25
8.30

13.40
2.03
0.14
0.48
1.38
0.04
0.01

100.28

4

Philippine Trench
(Dmitriev, 1979)

46.92
1.29

15.89
6.56
4.48
0.18

6.75

12.34
2.23
0.32
0.64
1.68
0.12
0.76

100.16

1

High-alumina

Middle America
Trench (South

Mexico transect)
(Dmitriev,
in press)

47.7
0.88

17.6
3.24
5.64
0.11
8.19

12.91
1.98
0.10
0.14
1.37
0.04
0.28

100.18

2

Yap (Sharaskin
et al., 1980).

48.1
0.98

17.57
6.35
4.59
0.07
4.92

11.95
2.85
0.20
n.d.
1.61
0.23
0.28

99.70

2

Table 11. Some petrochemical and geochemical parameters of normal tholeiitic basalts of Pacific morphostructures.

100 × FeO'/FeO' + MgO
Al2θ3/Fβ2θ3 + FeO + MgO
TiO2/Al2θ3
K2O/K2O + Na2O
K/Rb

1

49.6
0.9
0.08
0.02

106.0

2

57.3
0.9
0.10
0.02

107.0

3

62.6
1.0
0.10
0.17

350.0

Deep-sea Trenches

4

64.6
1.0
0.10
0.10

355.0

5

58.1
1.0
0.09
0.09

270.0

6

50.8
1.0
0.05
0.06

174.0

7

55.07
0.9
0.06
0.04

393.0

8

60.6
0.9
0.08
0.12
—

Oceanic Floor

9

52.1
0.8
0.09
0.04

No data
available

10

57.0
0.9
0.08
0.08

11

60.0
0.8
0.10
0.07

436-
955

12

44.4
0.9
0.03
0.19

No data
available

Island Arcs

13

46.7
0.7
0.07
0.26
700

14

49.6
1.0
0.06
0.14

No data
available

15

54.3
0.9
0.04
0.25

Oceanic Islands

16

61.3
0.8
0.18
0.13

Note: Middle America Trench, Guatemala transect: 1, Sample 5OOB-3-1, 64 cm; 2. Sample 495-48-4, 93 cm; 3. Sample 500-18-1, 36 cm; 4. Sample 495-48-1, 83 cm; 5. average from first four
analyses; 6. South Mexico transect; 7. Yap Trench; 8. Philippine Trench; 9. Siqueiros Fault; 10. Galapagos Spreading Center; 11. East Pacific Rise; 12. Mariana island arc; 13. Kamchatka;
14. Central America Cordillera; 15. New Hebrides; 16. Galapagos Islands. Parameters were calculated on the basis of analyses in Tables 8, 9, and 10.

Table 12. Some petrochemical and geochemical parameters of high-alumina tholeiitic basalts of Pacific mor-
phostructures.

Deep-sea Trenches
Oceanic

Floor Island Arcs

100 × FeO'/FeO' + MgO
Al2θ3/Fe2θ3 + FeO + MgO
TiO2/Al2θ3
K2O/K2O + Na2θ
K/Rb

1

56.8
1.1
0.10
0.13

420.0

2

72.2
1.6
0.06
0.20

720.0

3

63.8
1.3
0.08
0.16

570.0

4

51.1
1.0
0.05
0.05

200.0

5

67.7
1.1
0.06
0.06

300.0

6

44.5
1.1
0.04
0.05

7

46.7
1.1
0.05
0.02

No data available

8

58.2
1.4
0.02
0.16

9

59.1
1.3
0.04
0.14

10

61.4
1.2
0.06
0.25

11

63.8
1.3
0.05
0.26

No data available

12

69.4
1.3
0.04
0.20

Note: Middle America Trench, Guatemala transect: 1. Sample 500-19-1, 52 cm; 2. Sample 500-19-1, 9 cm; 3. average from first two analyses. 4.
South Mexico transect; 5. Yap Trench; 6. Galapagos Spreading Center; 7. Siqueiros Transform Fault; 8. Tonga; 9. South America Cordillera;
10. Kamchatka; 11. Aleutian; 12. Mariana. Parameters arc calculated on the basis of analyses in Tables 8, 9, and 10.

Pacific Rise and Galapagos Spreading Center basalts
that erupted under a similar geodynamic regime form
practically the single evolutionary trend.

Basaltic series of oceanic morphostructures differ
from those of island-arc basaltic series because of their
essentially higher TiO2 concentrations and the primitive
nature of their high-alumina basalts, which plot at the
beginning of the evolutionary sequence (100 × FeO 7
FeO' + MgO < 47); in contrast, island-arc series high-
alumina basalts belong to late differentiates (100 × FeO 7
FeO' + MgO > 58).

The distribution of Middle America Trench basalts as
well as basalts of other deep-sea trenches on the TiO2 -
100 ×FeO7FeO' + MgO diagram shows that signifi-
cant amounts of these rocks are transitional between ba-
salts of oceanic morphostructures and island-arc basalts.
Half of the Middle America Trench (Guatemala tran-
sect) basalts, the average of high-alumina basalts of this

transect, the average of normal and high-alumina ba-
salts of the South Mexico transect of the Middle Amer-
ica Trench, and basalts of the Philippine and Yap trench-
es plot in the sector between the evolutionary trend of
East Pacific Rise-Galapagos Spreading Center basalts
and the evolutionary trend of Mariana island-arc basalts.

Different behavior of aluminium in the course of the
evolution of oceanic and island-arc tholeiitic basaltic
magmas is clearly visible on the Al2O3-100 × FeO7FeO'
+ MgO diagram (Fig. 3). In basaltic series of the Gala-
pagos Spreading Center-East Pacific Rise, Siqueiros
Transform Fault, and Galapagos islands, the content of
A12O3 decreases as the 100 × FeO7FeO' + MgO ratio
increases. In island-arc basaltic series (Mariana islands),
however, aluminium does just the opposite.

In basalts of the Guatemala transect of the Middle
America Trench one can see both tendencies of A12O3.
In basalts of Hole 495 drilled on the oceanic slope of the
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Figure 3. Al2O3-100 × FeOVFeO' + MgO diagram. (See Fig. 2 cap-
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Trench 22 km from the axis, A12O3 content decreases as
the 100 × FeOVFeO' + MgO ratio increases; the evo-
lution of basaltic melts has the typical oceanic pattern.
In contrast, in basalts of the Trench axis (Holes 500,

500B), concentrations of A12O3 have a direct correlation
with the value of the 100 × FeOVFeO' + MgO ratio;
that is, parental basaltic magma of these rocks evolves
as in an island-arc environment. In basalts of the oce-
anic slope of the Yap Trench, correlation of A12O3 and
the 100 × FeOVFeO' + MgO ratio is the same as in
basalts of the Mariana island arc, although less clearly
expressed.

Tholeiitic basalts of island arcs differ from oceanic
basalts because of the greater role of potassium; this is
quite obvious on the K2O-K2O + Na2O diagram (Fig.
4). Also, on this diagram as well as on the TiO2-100
× FeOVFeO' + MgO and Al2O3-100 × FeOVFeO' +
MgO diagrams one can see that among basalts of the
Middle America Trench and other deep-sea trenches
there are rocks with composition similar to that of typi-
cal oceanic tholeiitic basalts and rocks transitional to
island-arc tholeiitic basalts. To this intermediate type of
basalts, according to the K2O/K2O + Na2O ratio, be-
long basalts from Hole 500 and basalts of the Philippine
Trench.

CONCLUSION
Analysis of petrochemical peculiarities of Middle

America Trench (Guatemala transect) basalts reveals
compositions typical of oceanic tholeiites and transi-
tional to island-arc tholeiites. With respect to degree of
differentiation, transitional-type basalts differ from com-
parable rocks of oceanic and island-arc series by inter-
mediate values of TiO2 concentration and the K2O/K2O
+ Na2O ratio. The common feature of transitional ba-
salts and island-arc basalts is the advanced differentia-
tion of high-alumina varieties in both types of rocks.
Tholeiitic basalts of other deep-sea trenches, for ex-
ample, Philippine and Yap trenches, have analogous
chemical features.
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These petrochemical analyses, together with published
data on the unexpectedly young age of some basalts
from the seaward slopes of some deep-sea trenches, are
perhaps evidences of local magmatism connected with
the zone of convergence of oceanic and continental (is-
land-arc) crust, where perhaps basalts transitional be-
tween oceanic and island-arc tholeiites were erupted.
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